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Abstract
Pitching is one of the most important elements of baseball. Therefore, both professional and amateur players are interested in
measuring their pitching performance, particularly their pitch speed. Conventional equipment such as radar speed guns can be used
to measure pitch speed; however this approach is unpopular among amateur players because of its cost. Therefore, we proposed
a vision-based speed-measuring method for baseball pitches and developed a smartphone application called iPhoneSG, which can
measure the speed of pitched baseballs on a real baseball diamond in near-real-time using a standalone image-processing technique
on the smartphone. Relative to conventional radar speed guns, which must be placed on the extended line of the ball trajectory,
iPhoneSG widens the possible area of data acquisition. Considering the popularity of smartphones, iPhoneSG provides players
with a convenient means of measuring pitch speeds. We conﬁrmed the basic viability of the proposed method as implemented in
our iPhoneSG application.
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1. Introduction
In professional sports, player performance is analyzed in order to improve competition outcomes. However, many
of the relevant analyses require expensive equipment or a special environment. In baseball, pitching is one of the most
important and interesting elements of the game. However, pitching analysis requires expensive equipment such as a
radar gun or a high-speed camera.
Several studies have utilized vision-based approaches to detect and capture pitching motions. Theobalt et al. 1
analyzed pitching in a dark basement by attaching markers to the pitcher’s hand and the ball. This method cannot
be used in an actual baseball game. Moreover, it is diﬃcult for amateur players or fans to prepare this environment.
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Hashimoto et al. 2 utilized four high-speed cameras for pitching analysis. This setup enables precise pitching analysis;
however, the amateur players and fans ﬁnd diﬃculties in using this setup.
We assumed that the primary users of our application would be amateur players and fans. Nowadays, smartphones
have become very popular. In particular, iPhone is the most popular smartphone in Japan1. Therefore, we considered
this device for our study. Since many amateur players and fans already own smartphones, they will be able to use this
application without acquiring any new equipment. In contrast to traditional radar speed guns, which must be placed
on the extended line of the ball trajectory, our application, iPhoneSG, uses videos taken from the lateral direction of
the ball trajectories. This approach widens the possible area of data acquisition (refer to Figure 1).
Fig. 1. iPhoneSG widens the possible area of data acquisition. The left image shows the possible data acquisition area for a commercial radar gun,
whereas the right image shows the possible data acquisition area of iPhoneSG.
iPhoneSG3 tracks a pitched baseball and calculates its velocity. The tracking process can provide the trajectory of
the ball. In this study, we focused on the deceleration of the pitched baseball, as knowing the pitch deceleration can
help improve the user’s pitching performance or that of his or her opponent or child. In this study, we employ this
smartphone application not only as a speed gun substitute but also for pitching analysis.
2. Image processing for estimating the velocity of a pitched baseball
To detect and track a baseball, the following characteristics and restrictions of the game should be considered:
• The distance between the pitcher’s plate and home base is constant.
• The size and shape of the baseball does not change in the video.
• It is white and round.
• There is only one baseball in each frame.
• It moves along an almost straight line and at a constant speed.
• It moves relatively fast.
• It is relatively small in a tracking context.
1 Investigation by the following webpage, as of March 16, 2016: http://webrage.jp/mobile/data/sp share.html
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For the performance analysis of pitching using a vision-based approach, all of the above characteristics are helpful
except the last two. To overcome these two restrictions, we need to consider the speciﬁcations of the smartphone
camera.
2.1. Setting the search area
To ensure that the camera had the necessary speciﬁcations, we decided to use the iPhone 6. The iPhone 6 camera
has a maximum frame rate of 240 fps, and its resolution is 1280 × 720 pixels. The diameter of a baseball is 0.07 m,
whereas the pitched distance is 18.44 m. Considering these conditions and the expected data acquisition area (refer to
Figure 1), the ball images in the video will be about 3 to 8-pixel wide. Figure 2 shows a full frame from the video.
As the target baseball is quite small, searching the entire pitching image for this ball requires an enormous process-
ing time. Therefore, we considered to restrict the search range.
Fig. 2. The baseball is quite small, so searching the entire image requires an enormous processing time.
We placed two markers,“Pitcher” and“Batter,” in the application user interface (refer to Figure 3). These markers
allow the identiﬁcation of the approximate start position of the ball, and the distance between“Pitcher” and“Batter”
on the display is held constant.
On the smartphone screen, the pitcher throws the ball from right to left. Therefore, iPhoneSG searches the area in
front of the pitcher, as shown in Figure 4.
2.2. Subtracting two consecutive frames
The ﬁrst step is subtraction between two consecutive frames to make it easier to ﬁnd the ball. The background will
be removed after subtraction (refer to Figure 5).
To determine the ball position coordinate, the image must be represented in black and white because the center of
the white area is regarded as the ball position coordinate. After the subtraction, the image is converted to grayscale
and binarized by a predetermined threshold. Baseballs often have stains or shadowing; thus, if we set the binarization
threshold too high, the ball will be removed. Therefore, we set this threshold value to a low value to ensure that the
ball is retained. However, lower values tend to increase the noise level.
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Fig. 3. The iPhoneSG UI with“ Pitcher” and“ Batter” markers. The scroll bar at the bottom left of the screen is the zoom bar, and the switch
immediately next to the zoom bar is the switch frame rate selector. The red button is the start button. The number at the top of the screen shows the
time elapsed since the start button was pressed.
Fig. 4. The search area is deﬁned as being in front of the pitcher marker.
2.3. Smoothing binary images
The binarized image retains noise from the background states or camera shake. Because we use high-frame-
rate video, the noise level relative to the ball is extremely low. To reduce the noise, we performed the following
morphological conversions:
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Fig. 5. Subtracting two consecutive frames. After subtraction, only
the changed pixels are visible.
Fig. 6. After binarization and smoothing, noises are removed, and
the ball is emphasized.
1. Erosion (twice).
2. Dilation (three times).
The number of erosion iterations was chosen such that the ball does not disappear, whereas the number of dilation
iterations was chosen such that the ball was emphasized. After this processing, the ball is much more readily identiﬁed
(refer to Figure 6). Because we use high-frame-rate video, the noise from the camera shake is suﬃciently low to be
removed by this morphological conversion.
2.4. Finding the ball image center
In this stage, we assume that there is only one white image in the frame. To determine the location of the center of
gravity of the image, we can use the ﬁndContours() function of the OpenCV library. The position coordinate of the
center of gravity is the ball position coordinate.
This position coordinate is used to predict the next ball position coordinate. When the ﬁrst ball position coordinate
is detected, we can predict the second one in front of the ﬁrst ball position coordinate. Therefore, the second search
area is much smaller than previous search areas, decreasing the processing time.
2.5. Calculating the initial ball velocity
The previous iPhoneSG version detects all ball positions and then calculates the average velocity. Professional
baseball relay broadcasting and ball speed displays on the baseball diamond display screen generally use the initial
ball velocity. In this paper, iPhoneSG also calculates the initial velocity of the pitched ball.
We regard the distance between the two markers“Pitcher” and“Batter” as the actual distance between the pitcher
and the batter. To estimate the initial velocity, we use the coordinates of the ﬁrst two detected points (Figure 7). From
the diﬀerence between these two position coordinates, we can estimate the initial velocity. This approach decreases
the processing time relative to obtaining all the position coordinates of the trajectory. It also enables comparison
between this application and a commercial radar gun.
3. Calculating deceleration
Deceleration is deﬁned as the diﬀerence between the initial velocity and ﬁnal velocity. It can be used for pitching
analysis, assessment of the pitcher’s condition, or identiﬁcation of breaking balls.
The ﬁnal velocity is calculated as described in 2.5 but by using the diﬀerence between the last two detected position
coordinates, which are those closest to the batter. From 2.5, we already have the ﬁrst and second ball position
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Fig. 7. Estimating the initial velocity from the diﬀerence between the ﬁrst two detected position coordinates.
coordinates. Because the ball moves at almost constant speed along a line, we can predict the next ball position
coordinate from the diﬀerence between the previous two position coordinates (refer to Figure 8). This approach will
considerably shorten the processing time.
After the initial and ﬁnal velocities are calculated, we can calculate the deceleration of the ball.
iPhoneSG stores the video on the iPhone after the calculation, allowing the user to watch this video to compare his
or her pitching form with the velocity and deceleration data. For example, the user can check the diﬀerence in his or
her pitching form between fastballs and breaking balls, between low- and high-deceleration fastballs, or between the
ﬁrst pitch and the 100th pitch.
4. Results
Tests were conducted on a real baseball diamond on sunny days. The iPhoneSG can record at two diﬀerent frame
rates: 120 fps and 240 fps. We measured the average velocity of the ball in each frame rate 10 times. For comparison,
we also conducted these measurements manually using an iMac by manually locating the ball in each frame. The
results of the comparison are shown in Tables 1 and 2, and the average of error and processing time are shown in
Tables 3 and 4.
These results show that iPhoneSG can calculate the velocity with high accuracy and at a speed that is suﬃcient for
the application’s use at an actual baseball game. However, the iPhoneSG was often unable to detect the ball. In the
future, the eﬀects of the whiteness of the ground, the sunlight, or dirt on the ball should be considered.
5. Conclusion and future work
In this study, we introduced iPhoneSG, which can measure the initial velocity of a pitched ball. This application
can calculate the velocity considerably faster than the previous iPhoneSG method. In the future, we will conduct an
experiment to compare this application with a commercial radar gun and improve the robustness of the measurement.
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Fig. 8. Changes in the search area. iPhoneSG predicts the next position coordinate from the previous two position coordinates.
We also introduced the calculation of the ball deceleration as a new function of iPhoneSG; however, this calculation
requires the same amount of time compared to that of obtaining the trajectory. iPhoneSG cannot proceed to the next
image-processing step until the ﬁnal ball position is determined.
In this study, we focused on the analysis of the ball. In the future work, we may incorporate an analysis of the
pitcher’s motion.
We have continued to develop iPhoneSG for amateur players and baseball fans. iPhoneSG helps attract new fans
toward baseball and improves the performance of amateur players.
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Table 1. Measurement results (240 fps)
Manual mea-
surement
[km/h]
iPhoneSG
measurement
[km/h]
measurement
error [km/h]
processing
time [sec-
onds]
81.98 81 -0.98 51.5
71.78 71 -0.78 36.0
68.06 68 -0.06 36.0
108.72 109 +0.28 9.1
98.55 100 +1.45 10.0
92.08 91 -1.08 35.1
92.08 93 +0.92 23.4
72.50 71 -1.50 8.1
102.73 104 +1.27 21.1
113.07 112 -1.07 17.7
Table 2. Measurement results (120 fps)
Manual mea-
suring [km/h]
iPhoneSG
measuring
[km/h]
measurement
error [km/h]
processing
time [sec-
onds]
74.88 76 +1.12 4.9
59.74 59 -0.74 4.2
76.93 76 -0.93 3.1
79.10 78 -1.10 4.0
72.94 69 -3.94 3.7
80.23 82 +1.77 3.5
46.41 48 +1.59 4.0
75.89 79 +3.11 2.9
75.89 75 -0.89 3.5
45.66 47 +0.34 4.2
Table 3. Error and processing time (240 fps)
Error aver-
age [km/h]
Processing
time average
[seconds]
Maximum
error [km/h]
Maximum
processing
time [sec-
onds]
0.94 24.8 1.5 51.5
Table 4. Error and processing time (120 fps)
Error aver-
age [km/h]
Processing
time average
[seconds]
Maximum
error [km/h]
Maximum
processing
time [sec-
onds]
1.56 3.8 3.94 4.9
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